A 14CO2 ratios method for detecting pyruvate carboxylation.
The pattern of oxidative metabolism of pyruvate may be assessed by comparing the steady-state 14CO2 production from four isotopes in identical samples. The assay requires measuring the ratios of steady-state 14CO2 production from two isotope pairs, [2-14C]pyruvate:[3-14C]pyruvate and [1-14C]acetate:[2-14C]acetate. These ratios are defined as the "pyruvate 14CO2 ratio" and the "acetate 14CO2 ratio," respectively. If pyruvate is metabolized exclusively via pyruvate dehydrogenase (PDH), the two ratios will be identical. Alternatively, if any pyruvate enters the tricarboxylic acid (TCA) cycle via pyruvate carboxylation (PC), the pyruvate 14CO2 ratio will be less than the acetate 14CO2 ratio. If pyruvate enters the TCA cycle only through PC (with oxaloacetate and fumarate in equilibrium) the pyruvate 14CO2 ratio will approach a value of 1.0. An equation is presented for the quantitative evaluation of pyruvate oxidation by these two pathways. We have used this method to detect relative changes in the pattern of pyruvate metabolism in rat liver mitochondria produced by exposure to 1 mM octanoyl carnitine, a compound known to alter the PC:PDH activity ratio. The major advantages of the method are (i) that it provides a sensitive method for detecting pyruvate carboxylation at physiological pyruvate concentrations and (ii) that it provides a method for distinguishing between effects on pyruvate transport and effects on pyruvate oxidation.